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(54) P re-registration system for a web printing machine 



(57) The present specification discloses a pre-reg- 
istration system (20) for a printing press (10) which is 
provided with a first detector (114) for detecting an an- 
gular position of a first rotatable printing cylinder (28) by 
sensing when a reference mark disposed on the first 
printing cylinder is in a predetermined angular position, 
a second detector (144) for detecting an angular posi- 
tion of a second printing cylinder (40) by sensing when 
a reference mark of the second printing cylinder is in a 
predetermined angular position, and an adjustment 
mechanism (130,132,134,136,138) for automatically 



adjusting the angular position of one of the printing cyl- 
inders based on the circumlerence, a web distance, and 
the angular position of one of the printing cylinders. The 
adjustment mechanism may adjust the angular position 
based upon a stored phase data relating to the web dis- 
tance and the circumference. Alternatively, the adjust- 
ment mechanism may determine a target angular posi- 
tion for the one printing cylinder determine a phase cor- 
rection signal based upon the angular position of the one 
printing cylinder and the target angular position, and ad- 
just the angular position of the printing cylinder based 
upon the phase correction signal. 
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Description 

The present invention relates to a printing press and 
a method ot pre- registration therelor. 

More particularly the present invention relates to a s 
printing press and pre-registration system for a printing 
press in which the printing cylinders of the press are 
placed in proper registration relative to each other. 

Color printing presses are typically provided with at 
least four print stations through which a web of paper or io 
other material sequentially passes. Each printing station 
includes a rotating printing cylinder that prints an image 
in a single color on the web. The images printed by the 
printing cylinders must be properly aligned or registered 
so that each single-color image precisely overlays the is 
other single-color images to form the desired multi-color 
image. To maintain proper alignment of the images, 
each printing cylinder must be maintained in a proper 
angular orientation with respect to the other printing cyl- 
inders. 20 

Conventional printing presses include dynamic reg- 
istration systems which maintain the proper registration 
of the printing cylinders during printing. However, for 
such dynamic registration systems to operate, the print- 
ing cylinders must be pre-registered so that they are in 25 
a substantially correct angular alignment relative to 
each other. This initial pre-registration is done by run- 
ning the press so that the printing cylinders print single- 
color images on the web and then visually inspecting 
the alignment of the printed images. Depending on such 30 
alignment, the angular positions of the printing cylinders 
are adjusted, and the process is repeated until the press 
is placed in substantially correct registration. Such man- 
ual pre-registration is tedious, time-consuming and 
wastes the web material. 3S 

Summary of the Invention 

The invention is directed to a pre-registration sys- 
tem for a printing press adapted to print multi-color im- *o 
ages on a web. The pre-registration system includes a 
first detector for detecting an angular position of a first 
rotatable printing cylinder by sensing when a reference 
mark disposed on the first printing cylinder is in a pre- 
determined angular position, a second detector for de- 45 
tecting an angular position of a second printing cylinder 
by sensing when a reference mark of the second printing 
cylinder is in a predetermined angular position, and 
means for automatically adjusting the angular position 
of one of the printing cylinders based on the circumfer- so 
ence of the printing cylinders, the angular position of one 
of the printing cylinders, and a web distance. 

The adjusting means may include means for adjust- 
ing the angular position based upon stored phase data 
relating to the web distance and the circumference of 55 
the printing cylinders. Alternatively, the adjusting means 
may comprise means for determining a target angular 
position for one printing cylinder, means for determining 



a phase correction signal based upon the angular posi- 
tion of the printing cylinder and the target angular posi- 
tion, and a phase control unit operatively coupled to the 
printing cylinder for adjusting the angular position of the 
printing cylinder based upon the phase correction sig- 
nal. 

The pre-registration system may be incorporated in 
a printing press having a plurality of rotatable printing 
cylinders, each of which is adapted to print a single-color 
image on the web. Each printing cylinder may have a 
printing layer disposed thereon and a cylinder reference 
mark, the printing layer having a layer reference mark 
and being disposed on the printing cylinder so that the 
layer reference mark is in a predetermined alignment 
relative to the cylinder reference mark. 

The invention is also directed to a method of pre- 
registering a printing press comprising the steps of: (a) 
applying a printing layer having a layer reference mark 
thereon to a first rotatable printing cylinder having a cyl- 
inder reference mark, the printing layer being disposed 
so that the layer reference mark is in a predetermined 
alignment relative to the cylinder reference mark; (b) ap- 
plying a printing layer having a layer reference mark 
thereon to a second rotatable printing cylinder having a 
cylinder reference mark, the printing layer being dis- 
posed so that the layer relerence mark is in a predeter- 
mined alignment relative to the cylinder reference mark; 
(c) detecting an angular position of the. first printing cyl- 
inder by sensing when the reference mark disposed on 
the first printing cylinder is in a predetermined angular 
position; (d) detecting an angular position of the second 
printing cylinder by sensing when the reference mark of 
the second printing cylinder is in a predetermined angu- 
lar position; and (e) automatically adjusting the angular 
position of one of the printing cylinders based on the 
circumference of the printing cylinders, the angular po- 
sition of one of the printing cylinders, and a web dis- 
tance. 

Step (e) of the method may include the step of ad- 
justing the angular position based upon stored phase 
data relating to the web distance and the printing cylin- 
der circumference. Step (e) may also include the steps 
of: (e1) determining a target angular position for one 
printing cylinder, (e2) determining a phase correction 
signal based upon the angular position of the printing 
cylinder and the target angular position, and (e3) adjust- 
ing the angular position of the printing cylinder based 
upon the phase correction signal. 

Step (a) of the method may include the step of ap- 
plying the printing layer on the first printing cylinder so 
that the layer reference mark of the printing layer and 
the cylinder reference mark of the first printing cylinder 
are disposed in a line substantially parallel to a central 
axis of the first printing cylinder. 

These and other features and advantages of the 
present invention will be apparent to those of ordinary 
skill in the art in view of the detailed description ot the 
preferred embodiment, which is made with reference to 
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the drawings, a brief description of which is provided be- 
low. 

The present invention will now be further described, 
by way of example, with reference to the accompanying 
drawings, in which:- 

Fig. 1 illustrates a preferred embodiment of a print- 
ing press with a pre-registration system constructed 
in accordance with the present invention; 
Fig. 2 is a top view of a portion of one of the printing 
cylinders of the printing press of Fig. 1 ; 
Fig. 3 is a top view of a portion of the die cut cylinder 
of the printing press of Fig. 1 ; 
Fig. 4 is a flowchart of a routine performed by the 
main controller of the pre-registration system; 
Fig. 5 is a flowchart of a routine performed by each 
printing station controller of the pre-registration sys- 
tem and 

Figs. 6A and 6B illustrate two different ways of stor- 
ing suitabte registration data. 

Fig. 1 illustrates a preferred embodiment of a print- 
ing press 10 with a pre-registration system 20 in accord- 
ance with the invention. Referring to Fig. 1, the printing 
press 10 includes a first printing station 12, a second 
printing station 14, and a cutting station 16. The first 
printing station 1 2 includes an upper pull roller 22, a pair 
of guide rollers 24. 26, a printing cylinder 28, and two 
rollers 30, 32. The second printing station 14 also in- 
cludes an upper pull roller 34, a pair of guide rollers 36, 
38, a printing cylinder 40, and two rollers 42, 44. The 
cutting station 16 includes a die cut cylinder 46, a die 
anvil cylinder 48, a guide roller 50, and three rollers 52, 
54, 56. The particular structure of the printing press 10 
described above is not considered important to the in- 
vention, and the press 10 may have other configura- 
tions. 

A portion ol a web 60, such as paper, is shown to 
pass successively from the first printing station 12, to 
the second printing station 14, and to the cutting station 
16 in the direction indicated by the arrows. During nor- 
mal printing operation, as the web 60 passes through 
the first printing station 12, images in a first color are 
printed on the web 60 by the printing cylinder 28. As the 
web 60 passes through the second printing station 14, 
images in a second color are printed on the web 60 by 
the printing cylinder 40 in alignment or registration with 
the images previously printed by the cylinder 28. As the 
web 60 passes through the cutting station 16, a cut or 
pattern of cuts is made in the web 60 by the die cut cyl- 
inder 46, the cut or pattern of cuts being in precise align- 
ment with the multi-color image previously printed on the 
web 60. 

It should be understood that while only two printing 
stations are shown, a multi-color printing press typically 
has at least four printing stations, each of which prints 
images on the web 60 in a different color. 

Fig. 2 is a top view of a portion of the printing cylin- 



der 28. Referring to Fig. 2, where the printing press 10 
is a flexo-graphic press or a web-offset press, the print- 
ing cylinder 28 has a printing layer in the form of a plate 
62 mounted thereon, and the printing plate 62 has an 
s area 64 in which printing elements are formed so that a 
desired image is printed on the web 60. Where the print- 
ing press 10 is a flexographic press, the printing ele- 
ments constitute raised areas (e.g. raised 1/16 of an 
inch with respect to the outer surface of the plate 62) 
10 which are inked once per revolution of the cylinder 28, 
with the image printed on the web 60 corresponding to 
the pattern of raised areas on the plate 62. Where the 
printing press 10 is a web-offset press, the printing ele- 
ments constitute ink-attracting areas on the surface of 
15 the printing plate 62 which form the desired image. 

The printing plate 62 is rectangular in shape and is 
wrapped around the cylinder 28 so that its ends meet at 
a seam 66. Alternatively, a seamless printing plate may 
be used. The printing plate 62 may be mounted to the 
cylinder 28 manually or with the aid of a conventional 
machine. The printing cylinder 28 has an end portion 68 
having a reference mark 70, and the printing plate 62 
has a reference mark 72, which may consist of a rela- 
tively small number of the type of printing elements, as 
described above, which are provided in the printing area 
64 of the printing plate 62. 

The printing plate 62 is applied or mounted to the 
printing cylinder 28 so that the reference mark 72 of the 
plate 62 is aligned in a predetermined positioned relative 
to the reference mark 70 of the printing cylinder 68. This 
alignment may be made so that the reference marks 70, 
72 are disposed in a line substantially parallel to the cen- 
tral axis of the printing cylinder 28, which axis is repre- 
sented in Fig. 2 by a line 74. The printing cylinder 40 of 
the second printing station 1 4 has the same construction 
as the cylinder 28 shown in Fig. 2. 

Where the printing press 10 is a gravure press, in- 
stead of a printing plate, the printing layer is composed 
of a thin metal coating applied to the printing cylinder 28 
in a conventional manner. After being applied to the cyl- 
inder 28, the metal coating is etched in a conventional 
manner to form numerous, very small recesses referred 
to as "gravure cells' which are filled with a particular 
color of ink upon each revolution of the cylinder 28. The 
ink contained in the gravure cells is transferred to the 
web 60 as the web 60 makes contact with the printing 
cylinder 28. A number of the gravure cells etched into 
the metal coating form a reference mark which, like the 
reference mark 72 described above : is disposed in a 
predetermined positioned relative to the reference mark 
70 of the printing cylinder 68. To prepare the printing 
cylinders for a new print job, the previously etched metal 
coatings are removed from the printing cylinders in a 
conventional manner, and then new metal coatings are 
formed thereon and etched with new patterns of gravure 
cells. 

A top view of a portion of the die cut cylinder 46 of 
the cutting station 16 is shown in Fig. 3. The die cut cyl- 
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inder 46 has a reference mark 76 which is aligned or 
registered relative to a number of raised cutting edges 
78 formed on the surface of the cylinder 46. 

Referring back to Fig. 1 , the printing cylinder 28 of 
the first printing station 12 is rotatably driven by a main 
drive shaft 80 operatively coupled to the printing cylinder 
28 through a secondary drive shaft 82 and a phase con- 
trol unit 84 for controlling the angular relationship or 
phase between the main drive shaft 80 and the second- 
ary drive shaft 82. Similarly, the printing cylinder 40 of 
the second printing station 14 is rotatably driven, at the 
same rotational rate as the printing cylinder 28. via a 
secondary drive shaft 86 coupled to the main drive shaft 
60 via a phase control unit 88. 

The die anvil cytinder 48 is rotatably driven at the 
same rotational rate as the printing cylinders 28 : 40 via 
a secondary drive shaft go connected to a phase control 
unit 92. The die anvil cylinder 48 and the die cut cylinder 
46 are interconnected by a gearing system (not shown) 
which causes the die cut cylinder 46 to be driven at the 
same rate as the die anvil cylinder 48. 

The angular position of the printing cylinder 28 of 
the first printing station 12 is conlrollably adjusted rela- 
tive to the angular position of the die cut cylinder 46 via 
a printing station controller 100 operatively connected 
to the first printing station 12. The station controller 100 
includes a microcontroller (MC) 102, a counter circuit 
104, a motor driver circuit 106, and a network interface 
circuit 1 08, all of which are interconnected via an internal 
address/data link 110. The microcontroller 102 incorpo- 
rates conventional hardware elements (not shown) in- 
cluding a memory for storing a computer program and 
a microprocessor for executing the program. 

The motor driver circuit 106 is coupled to the phase 
control unit 84 via a multi-signal line 112 on which a 
number of motor drive signals are generated. The motor 
drive signals drive a motor (not shown) in the phase con- 
trol unit 84 that varies the angular position or phase of 
the secondary drive shaft 82 relative to the main drive 
shaft 80. 

The microcontroller 102 and the stop counting input 
of the counter 104 are both connected to a sensor 114 
via a line 116. The sensor 114, which may be any type 
of conventional sensor, senses each time the reference 
mark 70 on the printing cylinder 28 passes the sensor 
1 1 4 and generates a detection signal in response there- 
to. 

The count input ol the counter 104 is connected to 
a shaft encoder (SE) sensor 120 operatively coupled to 
the main drive shaft 80 via a line 122. When the main 
drive shaft 80 is in motion, the shaft encoder sensor 120 
generates a large number of pulses on the line 122 cor- 
responding to the rotation of the drive shaft 80. The 
number of pulses, which are counted by the counter 
1 04, are set to correspond to a predetermined increment 
of web movement. For example, the shaft encoder 120 
may be calibrated to generate 1 ,000 pulses per inch of 
movement of the web 60. 



TTie microcontroller 102 and the reset input of the 
counter 1 04 are both connected to receive via a line 1 24 
a reset signal generated by a sensor 126 that detects 
the passage ol the reference mark 76 of the die cut cyl- 
5 inder 46. 

The angular position of the printing cylinder 40 of 
the second printing station 1 4 is conlrollably adjusted 
relative to the angular position of the die cut cylinder 46 
via a printing station controller 1 30 operatively connect- 

10 ed to the second printing station 1 4. The station control- 
ler 130 includes a microcontroller 132, a counter circuit 
1 34, a motor driver circuit 136, and a network interface 
circuit 1 38, all of which are interconnected via an internal 
address/data link 140. The microcontroller 132 incorpo- 

15 rates conventional hardware elements (not shown) in- 
cluding a memory for storing a computer program and 
a microprocessor for executing the program. 

The motor driver circuit 1 36 is coupled to the phase 
control unit 88 via a multi-signal line 142 on which a 

20 number of motor drive signals are generated. The motor 
drive signals drive a motor (not shown) in the phase con- 
trol unit 88 that varies the angular position of the sec- 
ondary drive shaft 86 relative to the main drive shaft 80. 
The microcontroller 132 and the stop counting input 

25 of the counter 1 34 are both connected to a sensor 1 44 
via a line 146. The sensor 144 senses each time the 
metal reference mark on the printing cylinder 40 passes 
by and generates a detection signal in response thereto. 
The count input of the counter 1 34 is connected to count 

30 the pulses generated by the shaft encoder sensor 1 20, 
as described above, and the microcontroller 1 32 and the 
reset input of the counter 1 34 are both connected to re- 
ceive the reset signal generated by the sensor 126. 
The station controller 100 is connected to a main 

35 controller 150 via a data link 152 connected to the net- 
work interface 1 08, a communication link 1 54 connected 
to the data link 152, and a data link 156 connected be- 
tween the communication link 154 and the main control- 
ler 150. The station controller 130 is connected to the 

^o main controller 1 50 via a data link 1 58, the communica- 
tion link 154, and the data link 156. The communication 
protocol between the main controller 1 50 and the station 
controllers 100, 130 may be a conventional one, such 
as an Ethernet-based communication protocol. 

45 The main controller 150 may comprise a conven- 
tional personal computer having a microprocessor, a 
random access memory, a read-only memory, an input/ 
output circuit, all of which are interconnected by an ad- 
dress/data bus in a conventional manner. The main con- 

50 trailer 1 50 may also include a display device for display- 
ing information to the press operator and an input de- 
vice, such as a keyboard or mouse, for receiving com- 
mands from the operator, the display and input devices 
being connected to the input/output circuit of the main 

55 controller 150 via separate data lines. 
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Operation 

The operation of the pre-registration system 20 is 
controlled by a computer program routine 200 executed 
by the main controller 1 50 and a computer program rou- 
tine 250 executed by each of the station controllers 100, 
130. Prior to the normal operation of the press 10, the 
operator may initiate the routines 200, 250 to cause the 
printing cylinders 28, 40 and the die cut cylinder 46 to 
automatically be placed in proper registration relative to 
each other. 

When the operator requests that the press 10 be 
placed in proper registration, by inputting a pre-registra- 
tion command to the main controller 150, the main con- 
troller 1 50 requests that the operator cause the printing 
cylinders 2B, 40 and the die cut cylinder 46 to rotate at 
a relatively slow speed (which is accomplished via drive 
signals transmitted to a motor (not shown) connected to 
the drive shaft 80). 

Referring to Fig. 4, at step 202 the main controller 
150 then transmits a pre-registration command to each 
of the station controllers 100, 130 via the communication 
link 1 54. Referring to Fig. 5, when each station controller 
100, 130 receives the pre-registration command from 
the main controller 150, each station controller 100, 1 30 
initiates the pre-register routine 250 to begin the pre- 
registration process. At step 252, the routine waits until 
the reset signal generated on the line 1 24 by the die cut 
sensor 126 is detected. When the reset signal is detect- 
ed, the routine branches to step 254 where it waits until 
the stop signal generated by its associated sensor 114 
or 1 44 is detected. When the stop signal is detected, the 
routine branches to step 256 where the output of its as- 
sociated counter 104 or 134 is read. 

At step 258, the offset distance is determined based 
on the count that was read during step 256. For exam- 
ple, if the shaft encoder sensor 1 20 is calibrated to gen- 
erated 1,000 pulses per inch of web travel and if the 
counter was stopped at 4,000 pulses, the offset distance 
between the die cut cylinder and the printing cylinder 
would be 4 inches. If the circumference of the cylinders 
was 20 inches, this offset distance of four inches would 
correspond to an angular phase difference between the 
two cylinders of 72°. After the offset distance is deter- 
mined, at step 260 a done signal is transmitted to the 
main controller 1 50 to indicate that the station controller 
has determined the offset distance. 

Referring back to Fig. 4, at step 204 the main con- 
troller 150 waits until it receives the done signals from 
all of the station controllers 100, 130. When it does, the 
main controller 1 50 may signal the operator to cause the 
drive shaft 80 to stop so that the cylinders 28, 40, 46 
stop rotating. Then, at step 206, the main controller 150 
retrieves, from a portion of its memory 207 (Fig. 6 A), the 
registration data for the next (or first) printing cylinder to 
be pre-registered. 

Referring to Fig. 6A, the registration data may in- 
clude the printing station number, the circumference of 



the printing cylinder, and the web distance between lhat 
printing cylinder and the die cut cylinder 46. Alternative- 
ly, as shown in Fig. 68, the registration data may simply 
include the printing station number and the offset dis- 
s tance (a numeric value or factor representing the offset 
distance) needed to place each printing cylinder in prop- 
er registration or phase with respect to the die cut cyl- 
inder 46. 

Referring back to Fig. 4, if the registration data is in 

10 the format of Fig. 6A, at step 208 the target offset need- 
ed to place the cylinders in proper registration or phase 
is determined by dividing the web distance by the cir- 
cumference, with the remainder being the target offset, 
which can be expressed either as an offset distance or 

15 an angular offset. For the registration data of Fig. 6A, 
the offset distance for station 1 would be 15 inches (the 
angular offset would be 270°). If the registration data 
was in the form of Fig. 6B, step 208 would be skipped. 
At step 210, the target offset determined tor that partic- 

20 ular cylinder is transmitted to the station controller which 
controls the phase of that cylinder. At step 212, if the 
target offset has not been determined for alt of the print- 
ing cylinders, the routine branches back to step 206 so 
that steps 206-210 can be performed for the next prim- 
es ing cylinder. 

Referring to Fig. 5, at step 262, if the target offset 
has been received from the main controller 1 50, the rou- 
tine branches to step 264 where an offset or phase cor- 
rection is determined by determining the difference be- 

30 tween the target offset and the actual offset determined 
at step 258. Based upon this difference, at step 266 the 
motor in the associated phase control unit is driven (via 
motor drive signals generated on one of the lines 1 1 2 or 
1 42) so that the phase of the associated printing cylinder 

35 is placed in proper phase relative to the die cut cylinder 
46. At step 268, when the motor in the associated phase 
control unit has finished adjusting the angular position 
of the printing cylinder, the routine branches to step 270 
where a done signal is transmitted to the main controller 

40 1 50 to indicate that the printing cylinder has been placed 
in proper phase. 

Referring back to Fig. 4, at step 214, when the main 
controller 150 receives a done signal from each of the 
station controllers 100, 130, the program branches to 

45 step 216 where a pre-registration complete message is 
generated on the display of the main controller 1 50. 

Alter the pre-registration process described above 
is performed, the process can optionally be repeated 
once to confirm that the cylinders 28, 40, 46 are in proper 

50 registration. 

Although the pre-registration system 20 described 
above is implemented with a station controller for each 
printing station and a main controller connected to each 
of the station controllers, the pre-registration system 

55 could be implemented with a single controller. It should 
also be appreciated that, while the angular positions of 
the printing cylinders are adjusted relative to the die cut 
cylinder, which is effectively used as a reference cylin- 
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der, as described above, the p re-re gist ration system of 
the invention could be used to register only the printirg 
cylinders of a printing press. In such case, one of the 
cylinders could be used as a reference cylinder, and the 
angular position or phase of the other printing cylinders 
could be adjusted relative to the reference printing cyl- 
inder. 

Initial Calibration 

As described above, the pre-registration system 20 
automatically places the printing cylinders 28, 40 in 
proper initial registration based upon the circumference 
of the printing cylinders 28, 40 and the web distance be- 
tween each of the printing cylinders 28, 40 and a refer- 
ence cylinder 46. The web distances could be deter- 
mined simply by measuring them. However, if the web 
distances cannot be precisely determined based upon 
measurement, they could be automatically determined 
in accordance with an initial calibration procedure, 
based upon estimates of the web distances and an ini- 
tial, manual pre-registration, as described below. 

First, the circumference of the printing cylinders 28, 
40 and an estimate of the web distance for each cylinder 
are input to the main controller 150 by the operator. The 
estimates of the web distances need to be accurate to 
at least within one-half the circumference of the printing 
cylinders 28, 40. Based upon the estimated web dis- 
tances and the cylinder circumference, the pre-registra- 
tion system 20 determines an estimated offset for each 
cylinder in the manner described above in connection 
with step 208. 

Then, the printing cylinders 28, 40 are manually 
placed in registration in accordance with current prac- 
tice. After the cylinders 28, 40 are manually placed in 
registration, the actual offset associated with each of the 
printing cylinders 28, 40 is determined in accordance 
with steps 252-258 described above. The differences 
between each actual offset and the offset calculated 
based on the estimate of each web distance are deter- 
mined, and each such difference is added to each cor- 
responding estimated web distance to determine each 
actual web distance. 

To illustrate the above procedure, assume that the 
printing cylinder 40 has a circumference of 20 inches, 
that the operator estimates that the web distance be- 
tween that cylinder and the reference cylinder 46 is 205 
inches, and that web distance is actually 210 inches. 
The estimated web offset determined by the system 
would then be five inches, and the actual offset (after 
the cylinder 40 was manually placed in registration) 
would be 10 inches. To determine the actual web dis- 
tance, the pre-registration system 20 adds the differ- 
ence between the actual offset and the estimated offset, 
five inches, to the estimated web distance of 205 inches. 

The actual web distances determined in the above 
manner are preferably stored in a permanent or non- 
volatile memory in the pre-registration system 20. It 



10 

should be noted that, although the printing press 10 may 
have to be manually registered once to determine the 
actual web distances, it will not need to be manually reg- 
istered again, whereas conventional printing presses 

5 need to be manually registered each time printing layers 
are applied to the printing cylinders for a new print job. 

Once the actual web distances are stored in mem- 
ory, the pre-registration system 20 can automatically 
pre-register cylinders of any circumference (which cir- 

10 cumference would be input by the operator) since the 
proper offsets are determinable from the actual web dis- 
tances and the cylinder circumference. 

Numerous additional modifications and alternative 
embodiments of the invention will be apparent to those 

15 skilled in the art in view of the foregoing description. This 
description is to be construed as illustrative only, and is 
for the purpose of teaching those skilled in the art the 
best mode of carrying out the invention. The details of 
the structure and method may be varied substantially 

20 without departing from the spirit of the invention, and the 
exclusive use of all modifications which come within the 
scope of the appended claims is reserved. 



25 Claims 

1. A printing press, comprising: 

a die cut cylinder having a circumference and 
30 being adapted to form a cut in a web, said die 

cut cylinder having a raised cutting edge and a 
reference mark; 

a first rotatable printing cylinder adapted to print 
an image on said web, said first printing cylinder 

35 being spaced from said die cut cylinder by a first 

web distance, said first printing cylinder having 
a circumference substantially the same as said 
circumference of said die cut cylinder, said first 
printing cylinder having a printing layer dis- 

^0 posed thereon and a cylinder reference mark, 

said printing layer having a layer reference 
mark and being disposed on said first printing 
cylinder so that said layer reference mark is in 
a predetermined alignment relative to said cyl- 

45 inder reference mark; 

a second rotatable printing cylinder adapted to 
print an image on said web, said second print- 
ing cylinder being spaced from said die cut cyl- 
inder by a second web distance, said second 

50 printing cylinder having a circumference sub- 

stantially the same as said circumference of 
said die cut cylinder, said second printing cyl- 
inder having a printing layer disposed thereon 
and a cylinder reference mark, said printing lay- 

55 er disposed on said second printing cylinder 

having a layer reference mark and being posi- 
tioned on said second printing cylinder so that 
said layer reference mark of said printing layer 
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disposed on said second printing cylinder is in 
a predetermined alignment relative to said cyl- 
inder reference mark of said second printing 
cylinder; 

a first detector 1or detecting an angular position s 
of said first printing cylinder by sensing when 
said reference mark disposed on said first print- 
ing cylinder is in a predetermined angular posi- 
tion; 

a second detector for detecting an angular po- 10 
sition of said second printing cylinder by sens- 
ing when said reference mark of said second 
printing cylinder is in a predetermined angular 
position; 

a third detector for detecting an angular posi- 15 
tion of said die cut cylinder by sensing when 
said reference mark of said die cut cylinder is 
in a predetermined angular position; 
means for automatically adjusting said angular 
position of said first printing cylinder relative to 20 
said angular position of said die cut cylinder 
based on said circumference, said first web dis- 
tance, and said angular positions of said die cut 
cylinder and said first printing cylinder; and 
means for automatically adjusting said angular 25 
position of said second printing cylinder relative 
to said angular position of said die cut cylinder 
based on said circumference, said second web 
distance, and said angular positions of said die 
cut cylinder and said second printing cylinder. 30 

2. A printing press as defined in claim 1 wherein said 
means for automatically adjusting said angular po- 
sition of said first printing cylinder comprises: 

35 

means for determining a target angular position 
for said first printing cylinder based upon said 
circumference, said first web distance, and said 
angular position of said die cut cylinder; and 
means for generating a phase correction signal *o 
based upon said angular position of said first 
printing cylinder and said target angular posi- 
tion; and 

a phase control unit operatively coupled to said 
first printing cylinder for adjusting the angular *5 
position of said first printing cylinder based up- 
on said phase correction signal. 

3. A printing press as defined in claim 1 wherein said 
cylinder reference mark of said first printing cylinder so 
and said layer reference mark of said printing layer 
disposed on said first printing cylinder are disposed 

in a line substantially parallel to a central axis of said 
first printing cylinder. 

55 

4. A printing press as defined in claim 1 wherein said 
cylinder reference mark of said first printing cylinder 
comprises a raised portion on said first printing cyl- 



inder. 

5. A printing press as defined in claim 1 wherein said 
layer reference mark of said printing layer disposed 
on said first printing cylinder comprises a group of 
gravure cells. 

6. A printing press as defined in claim 1 wherein said 
means for automatically adjusting said angular po- 
sition of said first printing cylinder relative to said 
angular position of said die cut cylinder comprises 
means for adjusting said angular position based up- 
on data relating to said first web distance and said 
circumference. 

7. A printing press as defined in claim 1 wherein said 
means for automatically adjusting said angular po- 
sition of said first printing cylinder relative to said 
angular position of said die cut cylinder comprises 
means for determining said angular position of said 
first printing cylinder relative to said angular position 
of said die cut cylinder. 

8. A printing press as defined in claim 7 wherein said 
means for determining said angular position of said 
first printing cylinder relative to said angular position 
of said die cut cylinder comprises a counter. 

9. A printing press, comprising: 

a first rotatable printing cylinder having a cir- 
cumference and being adapted to print an im- 
age on a web, said first printing cylinder having 
a printing layer disposed thereon and a cylinder 
reference mark, said printing layer having a lay- 
er reference mark and being positioned on said 
first printing cylinder so that said layer refer- 
ence mark is in a predetermined alignment rel- 
ative to said cylinder reference mark; 
a second rotatable printing cylinder adapted to 
print an image on said web, said second print- 
ing cylinder having a circumference substan- 
tially the same as said circumference of said 
first printing cylinder, said second printing cyl- 
inder having a printing layer disposed thereon 
and a cylinder reference mark, said printing lay- 
er disposed on said second printing cylinder 
having a layer reference mark and being posi- 
tioned on said second printing cylinder so that 
said layer reference mark of said printing layer 
disposed on said second printing cylinder is in 
a predetermined alignment relative to said cyl- 
inder reference mark of said second printing 
cylinder; 

a first detector for detecting an angular position 
of said first printing cylinder by sensing when 
said reference mark disposed on said first print- 
ing cylinder is in a predetermined angular posi- 
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tion; 

a second detector for detecting an angular po- 
sition of said second printing cylinder by sens- 
ing when said reference mark of said second 
printing cylinder is in a predetermined angular s 
position; 

means for automatically adjusting said angular 
position of one of said printing cylinders based 
on said circumference, a web distance, and 
said angular position of one of said printing cyl- 10 
inders. 



10. A printing press as defined in claim 9 wherein said 
means for automatically adjusting said angular po- 
sition ol one of said printing cylinders comprises 
means for adjusting said angular position based up- 
on stored data relating to said web distance and 
said circumference. 

11. A printing press as defined in claim 9 wherein said 
means for automatically adjusting said angular po- 
sition of one of said printing cylinders comprises: 

means for determining a target angular position 
for said one printing cylinder; 
means for generating a phase correction signal 
based upon said angular position of said one 
printing cylinder and said target angular posi- 
tion; and 

a phase control unit operatively coupled to said 
one printing cylinder for adjusting the angular 
position of said one printing cylinder based up- 
on said phase correction signal. 

12. A printing press as defined in claim 9 wherein said 
cylinder reference mark of said first printing cylinder 
and said layer reference mark of said printing layer 
disposed on said first printing cylinder are disposed 
in a line substantially parallel to a central axis of said 
first printing cylinder. 

13. A printing press as defined in claim 9 wherein said 
cylinder reference mark of said first printing cylinder 
comprises a raised portion on said first printing cyl- 
inder. 

14. A printing press as defined in claim 9 wherein said 
layer reference mark of said printing layer disposed 
on said first printing cylinder comprises a gravure 
cell. 

1 5. A pre-registration system for a printing press adapt- 
ed to print images on a web, said pre-registration 
system comprising: 

a first detector lor detecting an angular position 
of a first rotatable printing cylinder by sensing 
when a reference mark disposed on said first 



printing cylinder is in a predetermined angular 
position; 

a second detector for detecting an angular po- 
sition of a second printing cylinder by sensing 
when a reference mark of said second printing 
cylinder is in a predetermined angular position; 
and 

means for automatically adjusting said angular 
position of one of said printing cylinders based 
on said circumference, a web distance, and 
said angular position of one of said printing cyl- 
inders. 

16. A printing press as defined in claim 1 5 wherein said 
is means for automatically adjusting said angular po- 
sition of one of said printing cylinders comprises 
means for adjusting said angular position based up- 
on stored data relating to said web distance and 
said circumference. 

20 

17. A printing press as defined in claim 15 wherein said 
means for automatically adjusting said angular po- 
sition of one of said printing cylinders comprises: 

25 means for determining a target angular position 

for said one printing cylinder; 
means for determining a phase correction sig- 
nal based upon said angular position of said 
one printing cylinder and said target angular po- 
30 sit ion; and 

a phase control unit operatively coupled to said 
one printing cylinder for adjusting the angular 
position of said one printing cylinder based up- 
on said phase correction signal. 

35 

18. A method of pre-registering a printing press com- 
prising the steps of: 

(a) applying a printing layer to a first rotatable 
40 printing cylinder having a circumference and 

being adapted to print an image on a web, said 
first printing cylinder having a cylinder refer- 
ence mark and said printing layer having a layer 
reference mark, said printing layer being dis- 
45 posed so that said layer reference mark is in a 

predetermined alignment relative to said cylin- 
der reference mark; 

(b) applying a printing layer to a second rotat- 
able printing cylinder having a circumference 

50 and being adapted to print an image on a web, 

said second printing cylinder having a cylinder 
reference mark and said printing layer having 
a layer reference mark, said printing layer being 
disposed so that said layer reference mark is in 
55 a predetermined alignment relative to said cyl- 

inder reference mark; 

(c) detecting an angular position of said first 
printing cylinder by sensing when said refer- 



30 



35 



40 



45 



50 



15 



EP 0 835 753 A1 



ence mark disposed on said first printing cylin- 
der is in a predetermined angular position; 

(d) detecting an angular position of said second 
printing cylinder by sensing when said refer- 
ence mark of said second printing cylinder is in s 
a predetermined angular position; and 

(e) automatically adjusting said angular posi- 
tion of one of said printing cylinders based on 
said circumference, a web distance, and said 
angular position of one of said printing cylin- io 
ders. 

19. A method as defined in claim 18 wherein said step 
(e) comprises the step of adjusting said angular po- 
sition based upon stored data relating to said web *s 
distance and said circumference. 

20. A method as defined in claim 1 8 wherein said step 
(e) comprises the steps of: 

20 

(e1) determining a target angular position for 
said one printing cylinder; 
(e2) generating a phase correction signal 
based upon said angular position of said one 
printing cylinder and said target angular posi- 25 
tion; and 

(e3) adjusting the angular position of said one 
printing cylinder based upon said phase correc- 
tion signal. 

30 

21. A method as defined in claim 18 wherein said step 
(a) comprises the step of applying said printing layer 
on said first printing cylinder so that said layer ref- 
erence mark of said printing layer and said cylinder 
reference mark of said first printing cylinder are dis- 35 
posed in a line substantially parallel to a central axis 

of said first printing cylinder. 
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